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MATDIAG, A Program for Computing 
Multilevel S-matrix Resonance Parameters 

by 

Peter A. Moldauer, Richard N. Hwang, 
and Burton S. Garbow 

ABSTRACT 

The program MATDIAG computes cross-sect ion 
resonance parameters from Wigner's R-matr ix . The input 
R-mat r ix paramete rs may be specified individually, or they 
may be generated statistically. The generated resonance 
paramete rs are analyzed statistically and may be used for 
the calculation of Doppler-broadened multilevel cross sec
tions in other programs. 

INTRODUCTION 

The purpose of the computer program MATDIAG is to compute 
c ross -sec t ion resonance parameters from Wigner's R-matr ix. 

The R-matr ix parameters (energy levels e^ and channel ampli
tudes 7^c) may either be specified individually in the input, or they may 
be generated statist ically according to appropriate distribution laws. 

The computed cross-sect ion resonance parameters are the poles 
and residues of the collision matrix,^ which are useful for a variety of 
purposes. They can be employed for the direct calculation of Doppler-
broadened multilevel cross sections by means of the Adler-Adler c ro s s -
section code,^"'^ or for multilevel cross-sect ion and neutron-flux calcula
tions using the improved RABBLE program or other similar such 
programs.^ Of part icular interest to the fas t - reactor research program is 
the Doppler effect of the fissile isotopes in the low keV region,^which has 
been studied by Hwang with the help of the MATDIAG program. 

The stat is t ical analysis of the S-matrix resonance paramete rs that 
is performed in the MATDIAG program is needed for the precise specifica
tion of average cross sections where resonances overlap and is^also useful 
for the interpretation of c ross-sec t ion fluctuations. Moldauer ' has 
used the program for the study of resonance-parameter statist ics and for 
the clarification of the averaging process . 



Two c o n s i d e r a t i o n s n e c e s s i t a t e the c o m p u t a t i o n of S - m a t r i x p a r a m 
e t e r s in t e r m s of R - m a t r i x p a r a m e t e r s in the r e g i o n of o v e r l a p p i n g 
r e s o n a n c e s . 

F i r s t , this s t ep is r e q u i r e d to e n s u r e the u n i t a r i t y of the c o l l i s i o n 
m a t r i x , which i m p o s e s s e v e r e and g e n e r a l l y c o m p l i c a t e d r e s t r i c t i o n s on the 
r e s o n a n c e p a r a m e t e r s , p a r t i c u l a r l y when the n u m b e r of c o m p e t i n g open 
channe l s i s s m a l l . ' ^ Second, t h e r e e x i s t s no s a t i s f a c t o r y t h e o r y tha t g ives 
the s t a t i s t i c a l p r o p e r t i e s of the S - m a t r i x p a r a m e t e r s d i r e c t l y , but t h e r e i s 
a v e r y ex tens ive and w e l l - d e v e l o p e d s t a t i s t i c a l t h e o r y of R - m a t r i x 
p a r a m e t e r s . 

The p r o g r a m g e n e r a t e s r e s o n a n c e p a r a m e t e r s by i n v e r s i o n of the 
l eve l m a t r i x and t h e r e f o r e r e q u i r e s the d i a g o n a l i z a t i o n of a c o m p l e x 
s y m m e t r i c m a t r i x whose d i m e n s i o n is equa l to the n u m b e r of r e s o n a n c e s 
inc luded in the ca lcu la t ion . The v e r s i o n of the p r o g r a m u s e d in e a r l i e r 
a p p l i c a t i o n s ' " ' ^ was w r i t t e n for the CDC-3600 c o m p u t e r and u s e d in complex 
e igenva lue and e igenvec to r r o u t i n e s of E h r l i c h wi th a r e s t r i c t i o n to a 
m a x i m u m of 50 r e s o n a n c e s . The p r o g r a m d e s c r i b e d in th is r e p o r t has been 
s igni f icant ly i m p r o v e d in the following w a y s : ( l ) The p r o g r a m h a s been 
conve r t ed to run on the f a s t e r IBM s y s t e m 360-75 ; (2) the c o m p l e x e igen 
va lue and e igenvec to r r o u t i n e s * w r i t t e n by Garbow w e r e u s e d in p l ace of 
E h r l i c h ' s rou t ine (this change r e d u c e d c o n s i d e r a b l y the c o m p u t e r t i m e r e 
qu i red) ; (3) the modif ied v e r s i o n is capab le of t r e a t i n g a m a x i m u m of 
120 p o l e s ; and (4) opt ions a r e ava i l ab le to punch c a r d s wi th A d l e r - A d l e r p a r a m -
e t e r s * ' ' for the D o p p l e r - b r o a d e n e d c r o s s s e c t i o n s in the mod i f i ed RABBLE* 
f o r m a t for the ca l cu la t ion of s e l f - s h i e l d e d r e a c t i o n c r o s s s e c t i o n s . 

THEORY 

The t h e o r y of m u l t i l e v e l and s t a t i s t i c a l c r o s s - s e c t i o n ca l cu l a t i ons has 
been d i s c u s s e d in g r e a t de ta i l in Ref. 11 and was f u r t h e r s u m m a r i z e d in 
Ref. 18. We give h e r e only an out l ine conta in ing the def in i t ions r e q u i r e d for 
an u n d e r s t a n d i n g of the MATDIAG code . 

The co l l i s ion m a t r i x e l e m e n t s can be w r i t t e n in the f o r m 

exp[i(0c + 0c ' ) ] Z ^UC°uc' 
E - e , , + i i Id^lir f^_ 

(1) 

w h e r e a l l p a r a m e t e r s a r e a s s u m e d to be e n e r g y - i n d e p e n d e n t c o n s t a n t s and 
the m u l t i l e v e l c r o s s s e c t i o n is g iven by 

The complex eigenvector routine is unpublished. 



Occ ' = • '̂̂ ^ I'^cc' - S c c ' | ^ 

w h o s e e n e r g y d e p e n d e n c e is d i r e c t l y d e t e r m i n e d by the r e s o n a n c e e n e r g i e s 
Sy, the w i d t h s r „ , and the r e s i d u e a m p l i t u d e s g^c . w h e r e the s u b s c r i p t c 
r e f e r s to a p a r t i c u l a r c h a n n e l . The p r o g r a m c a l c u l a t e s t h e s e p a r a m e t e r s 
f r o m the e i g e n v a l u e s and e i g e n v e c t o r s of the m a t r i x B^i;, wh ich is spec i f i ed 
in t e r m s of R - m a t r i x p a r a m e t e r s E^ and 7 ^ c ^^ fol lows: 

w h e r e , in the a b s e n c e of a b a c k g r o u n d R - m a t r i x , * 

Oc + iTc = 47T(S°c + iPc)< '> '^c>/D (4) 

a n d 

1/2 (5 ) 
^(:ic ~ "' '/ic/'^'^pc ^ 

w h e r e Sc is the shift function wi th the R - m a t r i x b o u n d a r y condi t ion s u b 
t r a c t e d . T h i s p a r a m e t e r can often be s e l e c t e d to be z e r o . P ^ is the 
p e n e t r a b i l i t y funct ion, and D is the m e a n spac ing of r e s o n a n c e s ; < 7 ^ c > 
is the va lue of 7 ^ ^ a v e r a g e d ove r a l l r e s o n a n c e s ^i. T h e s e p a r a m e t e r s a r e 
d e t e r m i n e d by the o p t i c a l - m o d e l t r a n s m i s s i o n coeff ic ient T^ m e a c h c h a n 
ne l c, wh ich h a s the va lue 

T. (6) 

(l+iTj^ + (iaJ^ 

F o r a f i s s i on channe l , T^ should be a s s o c i a t e d wi th the p e n e t r a t i o n p r o b a 

b i l i t y of Hil l and W h e e l e r . " 

The r e s o n a n c e e n e r g i e s | ^ and the wid ths T^ a r e the r e a l and 

i m a g i n a r y p a r t s of the e i g e n v a l u e s of B^yj 

R z W = ( e ^ - i i r O zW. (•') 
^fiV V ^ \ 2 A' M 

w h e r e Z^M) i s the v th c o m p o n e n t of the f^th e i g e n v e c t o r of B ^ ^ . 

The r e s i d u e a m p l i t u d e s a r e g iven by 

i ~ •„„ „f n and T in more general circumstances is explained in Ref. 13. 
*The meanmg ot o,- ana T(. i" "'"'" 6 



' JL IC 
^ ^--'°- yz(M)7 

2^ (TI + O^J'̂ ^ ^ ^ ^ ^ ' 
(8) 

The e i g e n v e c t o r s a r e nornnal ized so tha t 

YzO ixf (9) 

and the n o r m a l i z a t i o n fac tor 

I I 4̂ 'I N ^ a 1 (10) 

is computed that pernni t s the def ini t ion of p a r t i a l w id ths 

r = ig T/N . 
fxc ^pc ' ji 

(11) 

which add up to the to ta l width 

r = y r . (12) 

F o r s t a t i s t i c a l a n a l y s i s , the p r o g r a m a l s o c a l c u l a t e s the r e a l and i m a g i n a r y 
p a r t s of 

e =yz(^) -
lie (13) 

as we l l as the i r abso lu te va lues and p h a s e a n g l e s , and a l s o the g e n e r a l i z e d 
t r a n s m i s s i o n c o e f f i c i e n t s " 

-pic 
= 2 7 T N ^ r „ y D M"Mc/ (14) 

and 

I •y.c (15) 

as we l l as the s t a t i s t i c a l p a r a m e t e r s " " ' ^ 

Be = | < g M c > / < l g ^ c l ' > r (16) 

and 

B = < B e > ^ . 
(17) 



Option is a l s o a v a i l a b l e to p r i n t and punch c a r d s wi th the A d l e r -
A d l e r a m p l i t u d e s for the D o p p l e r - b r o a d e n e d c r o s s s e c t i o n s in the f o r m a t 
of the mod i f i ed RABBLE^ so tha t the s e l f - s h i e l d e d c r o s s s e c t i o n s c a n be 
r e a d i l y c a l c u l a t e d . The A d l e r - A d l e r a m p l i t u d e s for the D o p p l e r - b r o a d e n e d 
c r o s s s e c t i o n s a r e r e l a t e d to the fundamen ta l S - m a t r i x p a r a m e t e r s in the 

4 — 9 

fol lowing way: 

G M = I l m C , (18) 
M 

and 

M c ' ^ 

G ( T ) = Re[g^c • e x p ( - i 2 R A ) ] (20) 

H J ^ ' = Im[gJ,c • e x p ( - i 2 R / x ) ] , (^O 

w h e r e the c o m p l e x r e a c t i o n a m p l i t u d e i is defined as 

ST- "*• 

A n o t h e r opt ion a v a i l a b l e in connec t ion wi th the Dopp le r - e f f ec t 
s t u d i e s i s to punch out c a r d s wi th the in i t i a l ly g e n e r a t e d R - m a t r i x p a r a m 
e t e r s m the R A B B L E f o r m a t . Such i n f o r m a t i o n is useful in e x a m i n i n g the 
va l i d i t y of the B r e i t - W i g n e r equat ion , b e c a u s e t h e s e s tud i e s a r e often 
m a d e on the b a s i s of an ad hoc a s s u m p t i o n that the s i n g l e - l e v e l p a r a m 
e t e r s and R - m a t r i x p a r a m e t e r s a r e i d e n t i c a l . ' Th i s a s s u m p t i o n is c o r r e c t 
if r e s o n a n c e s a r e w ide ly s p a c e d . 

DESCRIPTION O F INPUT 

Input p a r a m e t e r s inc lude the n u m b e r of r e s o n a n c e s NN, the n u m b e r 
of c h a n n e l s NR, and the R - m a t r i x p a r a m e t e r s Oc, T^, E^ , and Vfxc-

The E can be spec i f i ed in t h r e e w a y s : 

(1) T h e y m a y be spec i f i ed to have unit spac ing wi th an a v e r a g e va lue 

^ E > of z e r o (p icke t fence) . 
^ M M 

(2) T h e y m a y be r e a d in ind iv idua l ly . 
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(3) They may be specified statistically so that the lowest E and the 
mean spacing D are specified and the individual spacings A = E^^., - E^ 
are generated randomly to follow the Wigner distribution 

W(AyD) = 4^(AyD) exp[-^ A^D^]. 

The 7uc can be specified in two ways: 

(1) They can be generated randomly to have a normal distribution 

/ic 
with unit standard deviation. This means that the 7,,_ have a Por ter-Thomas 
distribution. 

(2) They can be read in individually. 

and 

DESCRIPTION OF OUTPUT 

The various collision-matrix resonance parameters a re given in the 
output. In addition, certain statistical properties of these paramete rs are 
calculated, such as their averages, their dispersions and correlat ions, which 
are defined as follows: 

X AV = <X, j>Zx, / N N , 
f^ |Li f^ 

X MSQ = (<X^> - <X^>^)/<X^>^ 

X CORR = « X ^ ^ , X^> - <X^ >^)/<X^>^ 

When channels with large t ransmission coefficients (T^ > 0.5) are 
present, the distributions of coll ision-matrix resonance paramete rs are apt 
to be distorted near the edges of the set of resonances. '^ For this reason, 
provision is made to exclude from the above averages a number NKK of 
resonances at each edge. 

THE MATDIAG CODE 

The MATDIAG code consists of several subroutines, which are listed 
m the appendix. The function of the main program is to read input informa
tion, set up the matrix B, and then print and punch out the quantities of inter
est as obtained by other subroutines. To set up the matrix B, random 
sequences of 7^^ and E^ are generated by subroutines RANN and ESUB, 
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respectively, using the random numbers obtained in subroutine RANF,. 
Where the elements of B^-^ a re exceedingly large, the matr ix can be 
scaled down by a factor of SF specified by the users in order to avoid the 
possible overflow in the computation of the eigenvalues and the eigenvectors. 

The most important routines required are clearly those that compute 
the connplex eigenvalues and their corresponding complex eigenvectors. 
Because the dimensions of matr ices of interest are generally very large, 
these routines must be fast and efficient to be of any practical interest . 
Two such programs available at Argonne National Laboratory are MATSUB 
and FRANCC'' with VCTR (unpublished). MATSUB, originally written for 
the CDC-3600 computer," ' has been converted to the IBM 360/75. It was 
found, however, that FRANCC''' is faster by as much as a factor of three, 
compared to MATSUB. Fur thermore , it avoids the direct evaluation of the 
determinant, which, for large matr ices of interest , causes overflow in 
MATSUB. Hence, FRANCC is recommended. Recently, another program 
that t rea ts the complex symmetric matr ices of interest became available. 
This program, written by Seaton,^' is based on a modified Jacobi method. 
Pre l iminary tests have shown that Seaton's program is comparable to 
FRANCC in speed and is perhaps more efficient when the diagonal elements 
of the matr ix B predominate or when only moderate accuracy is required. 
These programs will be compared further. 

Once the complex eigenvalues and eigenvectors are obtained, the 
main program computes and prints out the S-matrix resonance pa ramete r s . 
Subroutines ORDER and ORDERl order the quantities | e^ - Cy] : ^ / 2 and N^ 
in increasing order so that the statist ical behavior of these quantities can 
be examined more readily. Subroutine AVERAGE computes average 
quantities required in the determination of the avaraged cross sections. 

Other character is t ics of this code will be given as follows: 

Description 

Title 

Number of poles ^ 1 20. 

Number of channels ^300. 

Number of edge poles on each side of 
the sample excluded from statistical 
analysis. 

NRTEST = 0 Same a,T for all channels. 
= 1 Different a,T for each channel. 

1. Input 

Card Format 

1 (16A5) 

2 (1215, E12.6) 

Variables 

NN 

NR 

NKK 
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C a r d F o r m a t 

2 
(Contd.) 

V a r i a b l e s 

NK 

NNRGEN 

N O P T l 

N O P T 2 

N O P T 3 

NU 

N F 

KADLER 

SF 

NOTE: If KADLER = 0, sk ip c a r d 3. 

3 (E12.6, 16) GFACT 

MWIDTH 

D e s c r i p t i o n 

N u m b e r of c h a n n e l s in p r i n t o u t 
£300. 

N u m b e r of r a n d o m n u m b e r gen 
e r a t o r or n u m b e r of s e q u e n t i a l 
p r o b l e m s . 

M' = 1 P i c k e t fence E 
= 2 Read in E 
= 3 E„ g e n e r a t e d f r o m the Wigner 

d i s t r i b u t i o n . 

= 0 7 ' s g e n e r a t e d f r o m the n o r 
m a l d i s t r i b u t i o n . 

= 1 7 ' s a r e r e a d in. 

= 0 Rea l and i m a g i n a r y p a r t s of 
the c o m p l e x pole a r e not 
punched out. 

= 1 Rea l and i m a g i n a r y p a r t s of 
the c o m p l e x po l e s a r e punched 
wi th c a r d s in (8E10.3) fo rmat . 

N u m b e r of i nc iden t n e u t r o n channels . 

N u m b e r of f i s s i on channe l s 
( N U + N F £ NR) . 

= 1 A d l e r - A d l e r p a r a m e t e r s for 
the D o p p l e r - b r o a d e n e d c r o s s 
s e c t i o n s a r e p r i n t e d and 
punched out in the modif ied 
R A B B L E f o r m a t ' 
( 6 E 1 2 . 5 / 3 E 1 2 . 5 ) . 

= 0 A d l e r - A d l e r p a r a m e t e r s a r e 
not c o m p u t e d . 

Scal ing f ac to r for the input m a t r i x . 

S t a t i s t i c a l sp in g - f a c t o r . 

= 1 To ta l R - m a t r i x p a r t i a l widths 

^ ( 2 P )7MC for neu t ron , f i s -
c 

s ion , and c a p t u r e a r e p r in t ed 
and punched in R A B B L E fo rma t 
(5E12.6) . 

= 0 R - m a t r i x p a r t i a l wid ths a r e not 
g iven. 
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C a r d 

4* 

F o r m a t 

(8F10 .6) 
or 

(2F10.6) 

(8110) 

(8F10 .0) 

V a r i a b l e s D e s c r i p t i o n 

E L R ( I ) , ERI(I) ELR(I ) = Oc ELl ( l ) = T^ for 
N R T E S T = 1. 
for NRTEST = 0. 

NRGEN (M) R a n d o m n u m b e r g e n e r a t o r s for 
(M=l ,NNRGEN) 7 ' s i f N O P T 2 = 0. 

G A M M A d . K ) Read in 7 ' s if N O P T 2 = 1. 
(K=1,NR) 

N O T E : F o r N O P T l = 1, sk ip c a r d s 6 and 7. E 's a r e g e n e r a t e d in ESUB 

u s i n g < D > = 1. 

(8F10.0) 

( 2 F 1 0 . 4 , 110) 

E(I) 
(1=1,NN) 

DEAR 

ENUT 

(E12.6) 

N R 

DEAR 

If N O P T l = 2. 

If N O P T l = 3. 
A v e r a g e spac ing (eV) (usua l ly t a k e n 
to be uni ty in the s tud i e s of the a v -

. . \ U - 1 5 e r a g e c r o s s sect ion^. 

A r b i t r a r y in i t i a l e n e r g y of the 
i n t e r v a l (eV). 

R a n d o m n u m b e r g e n e r a t o r for E^ , 
(He re , NR is l oca l v a r i a b l e u s e d 
in ESUB only.) 

If N O P T l = 2. O t h e r w i s e , sk ip 
th is car(J. (Average spac ing eV.) 

2. Output 

The output of MATDIAG is l i s t ed in o r d e r as fo l lows: 

(1) Input i n f o r m a t i o n . 

(2) G e n e r a t e d s e q u e n c e s of 7 ^ c / < ' > ' ^ c > for each channe l , 

(3) G e n e r a t e d E^ . 

(4) A MATRIX (the Matrix B) . 

(5) E I G E N V A L U E ( r e a l and i m a g i n a r y p a r t s r^, j T^). 
N (the n o r m a l i z a t i o n fac to r N-^). 
E I G E N V E C T O R ( r e a l and i m a g i n a r y p a r t s of the c o m p o n e n t s of 

*If KADLER > 0. 0 and r̂  for neutron channel are read in first and are followed by the fi.sion and capture 

channels. 
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(6) Eigenvalues (X ), associated eigenvectors (Z), and estimated 
e r r o r s . Define a vector v such that v = (B-X )Z. The es t i 
mated e r ror is defined as the element of vector v that 
possesses the largest magnitude. 

(7) Listing of H (real parts e^ of eigenvalues). 
AH (real eigenvalue spacings e-̂ .̂ j - Ex)-
G (half widths i r^). 
N (normalization factors N^). 
Statistics of H, G, N. 

(8) AH, G, and N in increasing order. 

(9) RE THETA (Re 6^^^}, IM THETA (Im S^c). 
MAG THETA**2 {\e\^^), ARG THETA, 
(phase angle of Bxc)' ^'^(^Xc'>' ^"^ ^'^^^Xc^ 
listed per one channel c and all X, also B(E^) and statistics of 
channel parameters . 
Repeated for as many channels as called for. 

(10) Adler-Adler parameters ; cf,^), GW, G ( T ) , ui^, H ( R ) , H ( T ) , 
-p. ^"d ^11/ e„, and Tii^/Z. 

3. Time Estimation 

The computer time required depends strongly on the number of poles 
considered and also, to some extent, depends on the total number of channels 
assumed. The computer times required for test problems using 105 channels 
are tabulated as follows: 

Number of Poles Computer Time, min 

50 
80 

120 

7 
35 

127 
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APPENDIX 

For t ran Listing of the Program 

C PROGRAH MATDUG 
C 
C THIS PROGRAM HAS BEEN TRANSLATED FOR THE 360/50 
C WITH RfcLfcASE 1-A OF THE MOD-50 TRANSDECK 
C 
C 

JDB 

DIMEMSION EVECR(120.120).£VECI(120,120) 
DIMENSION F(120).ELR(12n)iELI (120 ),G»MMA(120,300).TITLE(16> 
DIMENSION H(1?0).G(120)-UH(1201.THETR(120).THET!(120).TMAG(120). 

lNSH(120).NRGEN(12U).EN(120).ENN(12n),DEL(120).BBAMMA(120). 
2BTHETA(12U).SAVfcH(120l,SAVEG(120).SGREAL(120).SSIMAG(120). 
3SAVEN(12n) 
DIMENSION A(120.120).VALU(120.1).8(120.120) 
DIMENSION NPR(2),S0MAT(2),SUMA8G(2).SI)MABT(2).SUMTMSQ(2). » 

lSUMBGMS0(21.SUMblMSU(2).SUMTC0R(2),SUHBGC0R(?).5UMBTC0R(2).SUMB(2) 6 
DIMENSION RF(120).GR(12n),GT(120).HF(12 0).H'»(12 0 ) . 

lhT(120).MALGAM(120) 
COMMON DRAR 
COMMON /flR/ ITER(240). V(120). DUMMY(360) 
C0MPLEX«16 TEMPI 
REAL*8 SGRFAL.SGIMAG 
C0MPLEX«16 A.VALU.B.V.TEMP 
REAL'S E.bUMR.SUMI 
C0MPLEX*16 DUMMY1,DUMMY2.DUMMY3.PROOF.PRODG 
REAL-B DIJMMY4.DUMMY5.DUMMr6. DUMMY 7, DUMMY8, DUMMY? 
REAL«8 HALGAM 
RE«L*8 G.H.DH.EN 
REAL'S ANORM.VNORM.RESID.DUMMY 
fiE*L*8 SF 
COMPLEX DLlM,CN0KM.DAMNl.DAMN2,DUMDUM,SCRW 

B 

10 R E A U ( 6 0 . 2 U ) T I T t h , 
20 FORMATdSAS) j ^ j 

W R I T E ( 6 1 . 3 0 ) T l T L t ^^ 

^ ° R E A S U O ^ ^ S J N N ! ^ ^ . N K K . N R T E S T , N K , N N R G E N , N O P T l . N 0 J ' T 2 , N 0 P T 3 . N U , N F . 

IKADLER.SF 
40 F 0 R M A T ( 1 2 I 5 . E 1 2 . 6 ) 

t i R I T E ( 6 1 . D S F 
1 F0RMAT(16H SCALING FACT0R»E15.6) ^ ^ 

WRITE(61 .45 )NN.NR,NKK 
45 FORMAT( lH0 f lX lHN9X lHR6X4HEDGE/ (3 I10 ) ) « 

I F ( K A D L E R . U E . 0 ) t O TO 4 
R6AD(60 .123)GFACT,MHIDTH 

123 F O O M » T ( E 1 2 . 6 . 1 6 ) 
4 I F ( N R T E S T ) 8 0 . S 0 . 8 0 j^y 

50 CONTINUE , , , 
R E A D ( 6 0 . 6 0 ) E L R ( 1 ) . E L 1 ( 1 ) ^ , 

60 FOPMAT(8F10.0 ) ^, , , , , 20 
U R I T E ( 6 1 , 6 5 ) 6 L R ( 1 ) - E L I ( 1 ) ' " 

, 5 ? o p i . T ( l M O l O X 4 H R E H 1 X 4 H I H L / ( 2 E 1 5 . 7 ) ) 21 
CO70K.2.NR 23 
E L P ( K ) ' = E L H ( 1 ) 2A 

E i . I ( K ) = E L l ( l ) 25 
70 C 0 » ' T I N U E 26 

'" iS!6a,((ELR(K).ELHK,).K = l.NR) f̂  
WBITE(61# 8^* in 

„s ?nRMAT(lHU10X4HRE L11X4HIM L) JJ 
^^ ;iRnE(61.160)((tLH(K).ELI(K)).K = l.NR) 31 

90 CONTINUE 33 
DO 91 I=1'NR 
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ELR(I)=ELK(l)/(4,•3.14159265) 
E L K I )=ELI( I )/(4.•3.14159265) 

91 CONTINUE 
IF(NDPT2 .GT.0)GO TO 95 
RE AD(60,42)(NRGEN(M),M = 1,NNRGEN) 

42 F0RMAT(8Ilf)) 
t«RITE(61,96) 

96 FORMAT(32H0RANDOM NUMBER GENERATOR NUMBERS) 
NRITE(61,42)(NRGEN(M).M«1INNRGEN) 

95 CONTINUE 
DO400M=l,NNRGEN 
Ir(NOPT2.GT.0)GO TO lOl 
WRITE(61,97)NRGfcN(M) 

97 F0RMAT(16H1RAND0M NO. GENsIlO) 
DO100I=l.NN 
DO100K=l.NR 
GAMMA ( I.K)»RANN(NRG6N(M)) 

100 CONTINUE 
GO TO 105 

101 CONTINUE 
D0102 K=1.NR 
R E A D ( 6 0 . 6 0 ) (GAMMAd.K). 1:1,NN) 

102 CONTINUE 
105 CONTINUE 

WRITE(61,106) 
106 FORMAT(6H0GAMMA) 

DO 107 1=1.NN 
WRITE(61.160)(GAMMA(I,K),K=1.NR) 

107 CONTINUE 
CALLESUa(NN.E.NOPTl) 
WRITE(61,108) 

108 FORMAT(2H0E) 
HRITE(61.l60)(E(J),J»t,NN) 
I F ( M W I D T H , L E . O ) G O TO 3219 

NFF=NU*NF 
NUP=NU*1 
NGAsNU*NF*l 
DO 1108 1=1,NN 
DO 7709 K=1,NU 

G A N N = D S Q R 1 ( E ( 1 ) ) « 2 . . E U I ( 1 ) « G A M M A ( I , K ) . . 2 . D B A R 

G A F F = 0 . 0 

G A R R = 0 . 0 

DO 1109 L'NUP.NFF 
G A F F = G A F F * 2 . * E L I ( L ) « G A M M A ( I . L ) « « 2 « n B A R 

1109 CONTINUE 
DO 7709 J=NGA.NH 

GARR=BARRtZ,«£LI(J)'GAMMA(I.J)*«2.nBAR 
7709 CONTINUE 

PRINT 2209,GANN,GARR,GAFF 
2209 F0RMAT(4H GN=E12.6.4H GK=E12.6.4H GF=E12 6) 

PUNCH 3309.E( D.GANN.GARR,GAFF,GFACT 
3309 F0RMAT(5F12.6) 
1108 CONTINUE 
3219 DO 140 1=1.NN 

DO140J=l,NN 
SUMR=0. 
SUMI=o. 
D0110K=1.NR 

SUMR=SUMR»ELR(K)'GAMMA(I,K).GAMMA(J.K).DBAR 
SUMI=SUMI«ELI(K)'GAMMA(I,K).GAMMA(J,K).DBAR 110 CONTINUE J. / u «" 

IF(I-J)130.120,130 
120 CONTINUE . 

Go}jlIo"^"'""''''''"""*'^''^''^'"''"*"''''"°'l-'"""*'-S"'<l'>'SF 
130 CONTINUE 

36 
37 
39 
40 
41 
42 
43 
44 
45 
46 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
66 

70 
71 
72 
73 

76 
77 
78 

81 
82 
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A(I.J)=((l.OD0.0.0D0)«(-SUMR)»(0,0D0.1,Dn0)»(-SUMI))/SF 

140 CONTINUE 
DO 3 J«1.NN 
DO 3 K=1,NN 

3 B(J,K)»A(J,K) 
i<RITE(61,150) 

150 F0RM»T(9H1A MATRIX) 
DO 170 1=1,NN 
URITE(61,160)((A(I.J)1.J=1.NN) 

160 F0RMAT(8E15.7) 
17tl CONTINUE 

CALL CLOCK(Tl) 

CALL FRANCC(A,VALU.NN,ANORM.I2O) 
CALL C L 0 C K ( T 2 ) 
TT=T2-T1 

».RITE(61.5000)ANORM.TT 
WRITE(61.8000) 
TT=0.0 

C.... N E X T ' " ' ' ^ ' S T A T E M E N T ADDED OR REWRITTEN TO BYPASS BUG IN COMPILER 
TEMPl = -VALU( I.D 
CO 88 J=1.NN 
DO 88 K=1.NN 

ee A(J.K)=B(J.K) 
CALL CLOCK(Tl) 
CALL VCTR(A.V.NN.VALU<1.1)) 
CALL CL0CK(T2) 
TT=TT'(T2-T1) 
D A M N 1 S V A L U ( I . l ) 

h(l)=REAL(DAMNl) 'SF 
G(I)=AIMAG(DAMN1)«SF 
CUM=0. 
DO 999 J=1.NN 

999 DUM5DUM*V(J)««2 
CNORM=CSORT(DUM) 
DO 1111 J=1'NN 
V(J)=V(J)/CNOHM 

DAMN2=V(J) 

EVeCR(I.J)=REAL(DAMN2) 

E V E C K I.J)=AIMAG(DAMN2) 

1111 CONTINUE • 
RESIDsO.O 

D0^1195 J'l^'JIJ^^^g^T ADDED OR REWRITTEN TO BYPASS BUG IN COMPILER 
TEMP=TEMP1«V(J) 
CO 92 K=1.NN 

,2 TEMP=TEMP*B(J.K)*V(K) 
IF(CDAfiS(TEMP)-RESID)U95.1195.93 

93 fiESID=CDABS(TEMP) 

" " SSITE'61.8500)(VALU(1.1).«ESID.(V(J).J.1.NN)) 

Z B B S ^ N0RM = 1PD24.15. 12H^^_TME 
162H0 KfcAL 

600 
700 
800 
8500 

85 

86 
87 
88 

90 
91 

c«« 

96 

T M E ( M S ) = 1PF8.0/ 
ITERATIONS) 

30 FORMAT '1^° ^ ^ ^ ^ S R ' A L G O R I T H M ' F O R EIGENVALUES OF COMPLEX MATRICES) 
JO FORMAT " H I T H E OR ALGUKM ^^^^^^^ EIGENVECTOR, AND RESIDUALt) 

II ZZ] dSo lPn2ri5.S24.15,D20.2„lHO 0P4 ( F18 .10 , F15 .10 ) ) . 

9000 
^SRMIT !:J'dME(MS) FOR EIGENVECTORS:. 1PF12.0) 

^°!!Sn;'EVECR(I....-2*EVECI(I.J)..2 

272 CONTINUE 
ENN(I)=EN(I) 

98 
99 

101 
102 
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273 CONTINUE 
C A L L O R D E H K H . N S H . N N ) 
DO 200 1=1.NN 
\S=NSH(I) 
SAVEH( I)=h(I) 
SAVER(I)=G(NS) 
^ALG»M(I!=-G(NS) 
SAVEN(I)=EN(NS) 

200 CONTINUE 
IF(NOPT3.Ea.0)GU TO 220 
PRINT 280.NN.NR 
PUNCH 280.NN.NR 

280 FORMAT(2I10) 
PRINT 210.(SAVEH(I).SAVEG(I).I=1.NN) 
PUNCH 210.(SAVEh(I).SAVEG(I).I=1.NN) 

210 F0RMAT(8E10.3) 
220 CONTINUE 

NNM1=NN-1 
CO230I=l,NNMl 
DH(I)=H(I*l)-H( I) 

230 CONTINUE 
DH(NN)=0. 
WRITE(61,241) 

241 FORMAT(1H113X1HH10X5HH DIF14X1HG14X1HN) 
hRITE(61,251)((h(I),DH(I).SAVEG(I),SAVEN(I)),I'l.NN) 

251 F0RM4T(4E15.7) 
NPO = 0 
CALLAVERAGE(SAVEN,NN,NPO.AEN,AENSO) 
CALLAVERAGE(SAVEG.NN.NPO.AG.AGS(J) 
CALLAVER4GE(DH,NNMl.NPa,ADH,ADHSQ) 
C H M S 0 = ( A D H S 0 / A D H « « 2 ) - 1 . 

GMS(J=(AGSIJ/AG««2)-1, 
ENMS0=(AFNS0/AEN««2)-1. 
t<RITE(61.265)ADh.DHMSQ,AG,GMSQ,AEN,ENMSQ 

265 FO»MAT(1M09X5HDH AV9X6HDH MS011X4HG AV10X5HG MSQ11X4HN AV 
110X5HN MSU/(6E15.7) ) 
NPQ=NKK 
CALLAVERAGE(SAVtN.NN.NPO.AEN.AEiMSU) 
CALLAVERAGE(SAVEG.NN,NPO.AG.AGSQ) 
C A L L A V E R A G E ( 0 H . N N M 1 . N P 0 . A D H , A D H S 0 ) 

DHMSQ=(ADHSQ/ADh««2)-l. 
G M S 0 = ( A G S ( J / A G « « 2 ) - 1 , 

E N M S U = ( A E N S Q / A E N * « 2 ) - 1 . 

HRITE(61,266)ADH,DHMS0,AG,GMSQ, AEN.ENMS(3 
266 FORMAT(1"06HCENTER3X5HDH AV9X6HDH MSnilX4HG AV10X5HG MSQIIX4HN AV 

110X5HN MS(J/(6E15,7)) 
C A L L O R D E R ( D H . N N M I ) 

C A L L Q R D E R ( G . N N ) 

C A L L O R D E R ( E N . N N ) 

WRITE(61.261) 
261 F 0 R M A T ( 1 H 1 7 H 0 R D E R E D 2 X 5 H H DIF14X1HG14X1HN) 

hRITE(61,264)((DH(I).G(I),EN(I)),I=l,NN) 
264 F0«MAT(3E15,7) 

Do 215 L=1.2 
SUMAT(L)=U, 
SUMAeG(L)=0. 
SUMABT(L)=0. 
SUMTMSQ(L)=0. 
S U M B G M S Q ( L ) = 0 . 

S U M B T M S O ( L ) = 0 . 

S U M T C C R ( L ) = 0 . 

SUMeGCOR(L)=0. 
SUMBTCOR(L)=0. . 
S U M B ( L ) = 0 . 

2 1 5 C O N T I N U E 
D 0 3 7 0 K = 1 , N R 

103 
104 
105 
106 
107 
108 

109 
110 
111 
113 
114 
115 
116 
117 

l ie 
119 
120 
121 
122 
123 
124 
125 
126 
127 
126 
129 
130 
131 
132 
133 
134 
135 
136 
137 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
146 
147 
146 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
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CO 295 1=1.NN 
NS=NSH(I) 
THFTR(I)=0. 
THFTI(I)=0. 
D0290J=1.NN 
THFTR(1)=THETH( I)*EVECR(NS.J)T,AMMA(J.K) 
THETI(I)=THETI(1)*EVECI(NS,J)«GAMMA(J,K) 

240 CONTINUE 
DUMARG=DBAR«ELI(K)«2. 
CUMLSQ=ELI(K)««2*ELR(K)**2 
SCRW=CMPLX(fcLl(K).-ELR(K)) 
CIJMDUM = SOhT(DUMARU)«SCRW/SDRT(r)UMLSQ) 
A( I,K)=UUMnUM*CMPLX(THETR( D.THETKH) 
SGRE4L(I)=A(I.K) 
SGtM4G(l)=(O.On0.-l.OD0)«A(I.K) 
TMAG(I)=THETR(I)««2*THETI(I)«'2 
PG«MMA(I>=7.«tLl(K)*TMAG(I)*n84R/ENN(Nf;) 
eTHET»( I )=4.«3.141592 65«ELI (K)«TMAG( I )«ENN(«IS) 
CCL(1)=ATAN2 (THETK I),THETR( I)) 
rEL(I)=DCL(I)/(2.«3.l4159265) 

295 CONTINUE 
IF(NCPT3.E0.fl)R0 TO 3l0 
PRINT 30n.(Si;RFAL(I).SGIMAG(I),I=l.NN) 
PUNCH 30n.(SGKEAL(I).SGIMAG(I).I=l.NN) 

300 FORMAT(8F10.3) 
310 CO'TINUE 

NPR(1)=0. 
NPR(2)=NKK 
D042nL=1.2 
KPfl = NPR(L) 
CALL AVERAGE(TMAG,NN,NPQ.ATMAG,ATMAGSQ) 
CALLAVFR«SF(BGAMMA,NN,NPQ.ABR,ABGSn) 
CALL«VFR4&E(HTHETA,NN,NP0.ABT,ASTSO) 
TMAGC(JRR = II 
PGrORR=0 
BTCQRR'O 
NMN1=1*NPU 
NMN2 = NN-Npri-1 
NMN3=NN-NPQ 
C0315I=NMN1,NMN2 
TM»GnUBR=TMAGCOHR*TMAG(I)«TMAG (1*1) 
8GCUHR=BGC0HR*RGAMMA(I)'BGAMMA (I'D • 
eTrOHH=BTCaRR*BTHETA(l)*BTHETA (1*1) 

315 CONTINUE 
TM4GMS0=( ATMAIJSU/ATMAG««2)-1. 
BGMSO=(AHGSO/ARG««2)-1. 

BTMS"=( A»TSU/ART"2)-1 . „., , 
TMAGCnRR=(TMAUC0RR/((NN-l-?'NP0).4TMAG'ATMAG))-l 
6GC0HR=(HGC0RH/((NN-l-2«NPn)«AgG'APG))-l 
PTrnBR=C^TrORR/((NN-l.?«NP0)«ART«ABT))-l 
CA(L «VEBAGE(THbTR,NN.NPQ.ATHETR.ATHFTRSO) 
CALL AVERAGE(THETI.NN.NPO.ATHETl.ATHETISO) 
BRSATHETRSD-ATHETISQ 
E1 = 0. 
C0316I=N'<M.NMN3 
B l = e I * T H F T H ( I ) ' T H E T I ( I ) 

316 CONTINUE 
B l = 2 , . B I / ( N N - 2 « N P l j ) 
flg=(BR««?*Rl«*2)/ATMAG**2 
S U M A T ( L ) = S U M A T ( L ) * A T M A G 
S U M A R G ( L ) » S U M A B G ( L ) * A B G 
S U " A R T ( L ) = S U M A B T ( L ) * A R T 
SUMTMSO(L)=SUMTMSIj(L)*TMAOMS0 
SjM8GMS(J(L)=SUMB0MSa(L)-'BGMSQ 
SUMBTMSQ(L)«SUHBTMSQ(L)*BTMS0 
CUMTC0R(L)=SUMTC0H(L)»TMAGC0RH 

167 
168 
169 
170 
171 

174 

177 

179 
180 
181 
182 
183 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 

222 
223 
224 
225 
226 
227 
228 
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S U M B G C O R ( L ) = S U M B G C 0 R ( L ) * B G C 0 R R 
S U M B T C O R ( L ) = S U M B T C O R ( L ) * B T C 0 R R 
S U M B ( L ) = S U M B ( L ) * B B 
IF(L-1)316.318.380 

318 CONTINUE 
IF(K»NK)317,317.360 

317 CONTINUE 
WRITE(61.320)K 

320 F0RM4T(1M16X8HRE THETA7X8HIM THETA3X12HMAG THETAftJ 
16X 9HARG THETA13X2HBG13X2HBT5X2HK»I3) 
WRITE(61.3?5)((THETR(I),THETKI).TMAG(I).DEL(I).BGAMMA(I), 

1BTHETA(I)).I=1.NN) 
325 F0RMAT(6E15.7) 
360 CONTINUE 

WRITE(61,329)K 
329 FORMAT(1H04X5HBG AV4X6HBG MSa3X7HBG C0PR5X5HBT AV4X6HBT MSO 

13X7HHT CnRR5X5HTH AV4X6HTH MSa3X7HTH cnRR5XlH95X2HK«I 3) 
380 CONTINUE 

WRITE(61,330)ABG.BGMSO,BGC0RR.A8T,BTMSO,BTCORR,ATMAG,TMAGMSO, 
I T M A G C O R R . B B 

330 FORM4T(lnE10.2) 
420 CONTINUE 
370 CONTINUE 

DO430L=1.2 
TUMAT =SUMAT(L)/NR 

= S U M A B G ( L ) / N R 

=SUMAeT(L)/NR 
= S U M T M S Q ( L ) / N R 

= S U M B G M S Q ( L ) / N R 

=SUMBTMSU(L)/NR 
= S U M T C 0 R ( L ) / N R 

= SUMBGC0R(1.)/NR 

= S U M B T C 0 H ( L ) / N R 

TOTAL POLES / CENTRAL POLES) 

TUMARG 
TUMART 
TUMTMSO 
TUMBGMSO 
T U M B T M S Q 

TUMTCOR 
TUMBGCOR 
TUMeTCOR 
TUMB =SUMB(L)/NR 
IFtL-l)417.417.470 

417 CONTINUE 
hRITE(61.375) 

375 F0RM4T(45H1AVERAGES OVER R. 
HRITE(61.329) 

470 CONTINUE 

l« RITE (61, 33 0)TUMABG. TUMBGMSO, TUMBGCOR. TUMABT.TUMBT MSO. TUMBTCOR 
1. TUMAT,THMTMSQ,TUMTCOR,TUMB 

430 CONTINUE 
NOPT1=0 

400 CONTINUE 
IF(KAULEB,LE.0)GO TOlO 
NGA=NU+NF*1 
NUP=NU*1 
NFF=NU*NF 
CO 9113 1=1.NN 
DUMMYl=0.U 
CUMMY2=0.0 
DUMMY3=0.0 
DO 911? K=1.NU 
ARGP=DSOBT(H(I))«3.80933E-03 
DUMMY3=DMMMY3*A(I,K)«*2«CMPLX(C0S(ARGP),-SIN(ARSP)) 
DO 9111 J=1,NN 

PRODFsO.n 
PRODG=0.n 
DO 9114 L=NUP,NFF 
PWnDF=PRnDF+DCONJG(A(J.K)).DCONJG(A(J,L))«A(I,K)»A(I,L) 

9114 CONTINUE 

IF(NGA.GT.NR)GO TO 6666 
CO 9117 M=NGA,NR . 

0,47 ^i!"??:f!^''"'^*°"'^-'«'*'J''<"*DCONJQ(A(J,M)).A(I,K)*A(I,M) 
V117 CONTINUE 

229 
230 

232 
233 
234 
235 
236 
237 
237 
238 
236 
239 
240 
241 
242 
242 
243 
244 

245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
265 
266 
267 
268 
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CUMMY7=DUMMY2*PR0DG/DCMPLX((H( I ) -H(J) ) . - (HALGAM(I ) *HALGAM(J) ) ) 
nuMMYi=DHMMYl 'PRODF/DCMPLX( (H ( I ) .H (J ) ) . - (HALGAM( I ) *HALGAM(J ) ) ) 

6666 ni. 
9111 CONTINUE 
9112 CONTINUE 

DUMMY4=DUMMY1 
CUMMY5=(r,0.-1.0)«DUMMYl 
DUMMY(i = DUMMY2 
DUMMY7=(0.0.-1.0)«DUMMY2 
CUMMY8=DUhMY3 
CUMMY9=(0.0.-1.0)«DUMMY3 

GF(I)=DUMMY5 
GR(I)rDUMMY7 
GT(II.DUXMYB 
HF(I)=-DUMMY4 
HR(I)s-DUMMY6 
l-T( I )«DUMMY9 
PRINT 91l9.GF(I).GR<I),GT(I),HF(I),HR(I),HT(I) 

9119 F0BM«T(4U GF = E16,6.4H GR = El5.6.4H rT=E-l5.6.4H HF«E15,6.4H HR = 
1E15,6.4H MT=E15.6) 
PRINT 9229.HALGAM(I),H(I) 

9229 F0RMAT(8H HALGAM=£15.6,7H SENUT=E15.6) 
PUNCH 3311.H(I).GT(l),GR(n.GF(I).HT(I).HR(I).HF{I).HALGAM(I). 

IGFACT 
3311 F0RM4T(1P6E12.5/1P3E12.5) 
9113 CONTINUE 

GOTOIO 
ENP 
SUBROUTINE VCTR (A.V.N,ALPHA) 
DIMENSION A(120,120),V(120) 

(;.•.* REMOVE OR MODIFY NEXT 
C0MPLEX«16 A,V.ALPHA.R,C 
A(1,1)=A(1,1)-ALPHA 

6 DO 15 I=',N 

A(I,I)=A(I,I)-ALPHA 
C*..' NEXT STATEMENT 

V(I ) = (1.ODO.O.ODO) 
11=1-1 
DO 15 J = l. I I 

269 
271 

VCTROOOl 

STATEMENT IN SINGLE PRECISION VERSION 

VCTR0003 
VCTR0004 
VCTR0005 

ADDED OR REWRITTEN TO PYPASS BUG IN COMPILER 

70 
7 

VCTR0006 
VCTR0007 

ci... C H A N G E ' F U ^ C T I G N N A M E S IN NEXT JUO STATEMENTS IN SINGLE PRECISION 

fl IF(CnAPS(A(I.J) ) )9,15,9 
9 ;F(CnABS(A(U,J))-CDABS(A(I.J)))n.l0.10 ^ VCTROOIO 

R=A(I.J)/A(J.J) VCTROOll 

GO TO 130 VCTR0012 
R.A(J.J)/A(I.J) VCTR0013 
CO 12 K=1.N VCTR0014 
C«A(J.K) VCTR0015 
«(J.K)=A(I.K) VCTR0016 
A(I.»<)=C VCTR0017 
JJ=J*1 VCTR0018 
DO 14 K=JJ.N VCTR0019 
4(!.K)=A(I.K)-H«A(J'K) VCTR0020 
CONTINUE VCTR0021 
CiA(N,N) VCTR0023 
DO 29 I=?.N VCTR0024 
JJ=N-I*1 VCTR0025 
R»0, VCTR0026 
II=N-I*2 VCTR0027 
DO 25 '*""'"„,,,, VCTR0028 
R,R*4(JJ.K)*yiK)_ _^^ ^^ ^__^^ STATEMENT IN SINGLE PRECISION 

10 

11 

12 
130 
13 
14 
15 

25 
f ••*• 

CHANGE FUNCTION NAME IN NEXT 
'nCD'BS(A(JJ,JJ))-l-l'E-10)27.27.28 

27 

26 

26 

I 
V( JJ)«1, 

c = o. 
00 26 J'lI.N 
V( J)=0. 
GO TO 29 
V(JJ)«<C-«)/*<-IJ'J-" 

VCTR0030 
VCTR0031 
VCTR0032 
VCTR0033 
VCTR0034 
VCTR0035 
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29 

r. 

c»*»* 

40 

c**** 

CONTINUE 
RETURN 
END 
SUBROUTINE FRANCC (A,VALU,NSUB,ANORM,NMAX ) 

DIMENSION A(NMAX.NSUB), VALU(NMAX) 
REMOVE OR MODIFY NEXT FOUR STATEMENTS IN SINGLE PRECISION VERSION 
COMMON /OH/ ITER(240).DUMMY(600) 
C0MPLEX«16 A,VALU.ANN,DIF,D1SCSQ.|}ISC,E,G 
REAL'S AN0RM2,ANORM.EPS.DUMMY,DEL 
DATA EPS/^3380000000000nOO/ 

N=NSUB 

REDUCE MATRIX TO UPPER HESSENBERG FORM (WITH REAL SUBDIAGONAL) 

CALL SUBnlC(A,N,NMAX) 

COMPUTE MATRIX NORM 

A N O R M 2 = 0 , 0 

DO 40 1=1,N 
11=1-1*1/1 
DO 40 J=I1,N 
CHANGE FUNCTION NAME IN NEXT STATEMENT IN SINGLE PRECISION 
AN0HM2 = AN(JRM2*A(I,J)'DC0NJG(A(I.J)) 
CONTINUE 
CHANGE FUNCTION NAME IN NEXT STATEMENT IN SINGLE PRECISION 
ANnRM=DS0RT(AN0RM2) 

VCTR0036 
VCTH0037 

70 
C " " 

DEL=ANDRM«EPS 

BEGINNING OF LOUP FOR ITERATIVE DETERMINATION OF EIGENVALUES 
(ARRAY ITER HAS EFFECTIVELY BEEN CLEARED TO ZERO BY SUBDIA) 

KsNSUB*l-N 

FIND ROOTS OF LOKER 2X2 MINOR 

ANN=4(N,N) 

IF (N-1) 250, 220, 70 
IF (CDABS (A(N,N-1)) .LE.DEL) GO TO 220 
REMOVE OH MODIFY NEXT STATEMENT IN SINGLE PRECISION VERSION 
DIF=(A(N-1,N-1)-ANN)'(0.5DO,O.ODO) 
DISCS0 = D I F " 2 * A ( N - 1 , N ) . A ( N , N - 1 ) 
CHANGE FUNCTION NAME IN NEXT STATEMENT IN SINGLE PRECISION 
DlSC = CDSriRT(DISCS(j) 
E=niSC*DIF*ANN 
G=E-DISC-DISC 
IF (N.E(J.2) GO TO 230 
IF (CDABS (A(N-l,N-2)) ,LE.DEL) GO TO 230 

CHOOSE SHIFT TOWARD ACCELERATING CONVERGENCE 
(ROOT OF LOHEH 2X2 MINOR CLOSEST TO LAST DIAGONAL ELEMENT) 

CHANGE FUNCTION NAMES IN NEXT TWO STATEMENTS IN SINGLE PRECISION 
Z I = ( E - A N N ) ' D C U N J G { E - A N N ) 

22=(G-ANN)'DCUNJG(G-ANN) 
IF (22.LT.Z1) F=G 

PERFORM OR ITERATION 

CALL 0R1(A,N,DEL,E,NMAX) , 

ITER(K)=ITER(K)*1 
GO TO 60 
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SINGLE EIGENVALUE CONVERGED 

220 V4LU(K)=ANN 
N»N-1 
Go TO 50 

PAIR OF EIGENVALUES CONVERGED 

230 V A L U ( K ) = E 

VALU(K*1)=G 
N»N-2 
GO TO 50 

250 RETURN 
END 
SUBROUTINE SUBDIC(A.N,NMAX) 

MOUSEhOLDER REDUCTION OF COMPLEX MATRIX TO UPPER HESSENBERG FORM 

DIMENSION A(NMAX.N) 
DIMENSION WVEC(120).PVEC(12 0).QVEC(120).CHVEC(120) 
COMMON /OR/ HVEC. PVEC. CWVEC 
EOUIVALENCF (PVEC.OVEC) 

C " . ' RE"UVE OH MODIFY NEXT TWO STATEMENTS IN SINGLE PRECISION VERSION 
C0MPLEX«16 A.HVEC.PVEC.OVEC.DIV.SCALAR.CWVEC 
REAL'8 TEMP.SUM.TEMPI 

CO 200 1=1.N 

REDUCE COLUMN OF MATRIX 

WVFC(I)=0.0 
IF (I.EO.N) GO TO 200 
11=1*1 
12=11*1 

SIMILARITY TRANSFORMATION TO PRODUCE REAL SUBDIAGONAL ELEMENT 

STATEMENT IN SINGLE PRECISION J=I1 
C'*.. CHANGE FUNCTION NAME IN NEXT 

TEMPl=CDAbS(A(J.I)) 
IF (TEMPI.Eia.0.0) GO TO 60 
DIV=A(J.I)/TEMP1 

DO 30 Ksl.N 
30 A(K.J)=DIV'A(K,J) 

DO 40 K=I.N 
40 A(J,K)=A(J,K)/DIV 

^ 60 IF (I2.GT.N) GO TO 200 
SUM=0,0 
DO 70 J=I2.N 

C.... CHANGE FUNCTION NAME IN NEXT 
70 SUM=SUM*A(J.I)'DCONJG(A(J.I)) 

IF (SUM.EG.0.0) GO TO 200 

r.... S E ' F u i j T I O N NAMES IN NEXT THREE STATEMENTS IN SINGLE PRECISION 

STATEMENT IN SINGLE PRECISION 

:r?^=DjipLx:-Ji^GN(;uM:TEMP),o.ono. 
? E M ; I = D S O R T ( 1 . 0 * D A B S ( T E M P ) / S U M , 

WVEC(J>=TEMP1 
CWVEC(J)=1-VEC(J) 

...... CHANGE FUNCTION NAME IN NEXT 

l;iV = DSIGN(TEMPl'SUM.TEMP) 

DO 85 J»I2,N 

STATEMENT IN SINGLE PRECISION 
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85 

95 
C * " * 

120 

170 

STATEMENT IN SINGLE PRECISION 
WVEC(J)=A(J.I)/UIV 
CHANGE FUNCTION NAME IN NEXT 
CWVEC(J)=DCONJG(RVEC(J)) 

CONTINUE 
SC4LAR=0.0 
CO 95 J=I1.N 
PVFC(J)=0.0 
DO 90 K=I1,N 
PVEC(J)=PVEC(J)*A(K.J)'CWVEC(K) 
SCALAR=SCALAR*PVEC(J)«WVEC(J) 
CONTINUE 

REMOVE OR MODIFY NEXT STATEMENT IN SINGLE PRECISION VERSION 

SCALAR=SCALAR/(2,0DO,0.nDO) 

DO 120 J=I1,N 
OVEC(J)=PVEC(J)-SCALAR'CWVEC(J) 
DO 120 K=I1,N 
A(K,J)=A(K,J)-WVEC(K)«QVEC(J) 
CONTINUE 
CO 180 K=1,N 
(3VEC(K)=-SCALAR'WVEC(K) 
CO 170 J=I1,N 
OVEC(K)=OVEC(K)*A(K,J)'WVEC(J) 
DO 180 J=I1,N 
A(K,J)=A(K,J)-QVEC(K)«CRVEC(J) 
CONTINUE 

200 CONTINUE 

C***' 

RETURN 
END 
SUBROUTINE 0R1(A,N.DEL.ZET.NMAX) 

SINGLE COMPLEX (JR ITERATION 

DIMENSION A(NMAX.N) 
COMMON /OR/ DUMMY(120),NU(120),MU(12a).CMU(120) 
REMOVE OR MODIFY NEXT TWO STATEMENTS IN SINGLE PRECISION VERSION 
C0MPLEX'16 A.ZET.MU.CMU.DIAG.W.Y.Z 
REAL'S KAP.NU.SUPERD.TEMPI,DUMMY,DEL 
INTEGER G 

50 

M = N-1 
N2=N1-1 

FIND Q 

DO 50 11=1.N2 
I=N1-I1 
IF (CDABS (A(I*1.I)) .LE.DEL) GO TO 60 
(3=1 

SHIFT O R I G I N 

60 
100 

C«*»' 
ISO 

DO 100 1 = 0,N 

A( I, I)=A( I, I)-ZET 

REDUCE TO TRIANGLE (ROWS) 

DO 200 I=U,N 

DIAG=A(I.I) 
SUPERD=0.0 
IF (I.EQ.N) GO TO 150 
SUPERD = A(1*1. 1) 
A{I*1, I)=0.0 
CHANGE FUNCTION NAMES IN NEXT TWO STATEMENTS IN SINGLE PRECISION 
T E M P I = D I A G « D C O N J G ( D I A G ) 
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K A P = D S 0 R T ( T E M J » 1 * S U P E R D ' * 2 ) 

»'U( I ) « D I A G / K A P 

c**«* CHANGE FUNCTION NAME 
C M U ( 1 ) = D C 0 N J G ( M U ( I ) ) 
^U(I)=SUPbRD/KAB 
»(I.I)=KAP 
YiMU( I ) 
2=CMU(I) 
IF ( l.E(3.N) GO TO 250 
Il=I*l 
DO 200 J=I1.N 
W»A(I,J) 
A( I.J)«W'Z 
A(I*1.J)=Y 

200 CONTINUE 

IN NEXT STATEMENT IN SINGLE PRECISION 

*NU(I)«A(I»1.J) 
• A( 1*1. J)-NU( D ' W 

INVERSE OPERATION (COLUMNS) 

250 CO 300 J = IJ.N 
Y=MU(J) 
Z=CMU(J) 

IF (J.EI3.N) GO TO 350 

J1=J*1 
DO 300 I=G.J1 
WiA(I.J) 
A(I.J)=W«Y 
A(I.J*1)=Z 

300 CONTINUE 
350 CO 400 1=0.N 

A(I.J)=Y ' A d . J ) 
400 A( I. I ) » A d . I)*ZET 

RETURN 
END 
FUNCTION RANN(NR) 

•NU(J)«*(I.J*l) 
•A(I,J*1)-NU(J)'W 

OUTINE TU FORM A SEQUENCE OF NORMALLY DISTRIBUTED PSUEDO-
ANDOM NUMBERS WITH ZERO MEAN AND UNIT STANDARD DEVIATION 

CALL RANSET(NR) 
SUMXO. 
DO 10 1=1.27 
S U M = S U M * R A N F ( - 1 ) 

10 CONTINUE 
SUM=SUM/27. 
R»NN=18.*(SUM-,5) 
CALL RANGET(NR) 
RETURN 

SUBROUTINEAVERAGE(A.N,NKK,AV.AVSO) 

THIS PROGRAM HAS BEEN TRANSLATED FOR THE 
WITH RELEASE 1-A OF THE MOD-50 TRANSDECK 

DIMENSIONAd) 

AV = Oi 
AVSO'O-
NKKl'NKK*! 
NKK2=N-NKK 
jjQ 10 I=NKK1.NKK2 
»V»AV*A( I ) 
J V S O » A V S O * A ( I ) « « 2 

10 CONTINUE 
^ .ut»V/(N-2'NKK) 

/1VS0 = AVSQ/(N*2'NKK) 

RETURN 

END 

360/50 

JDB 

2 
2 
2 
2 
2 
} 
4 
5 
6 
7 
8 
9 

10 
11 
12 

2 
2 
2 
2 
3 
4 
5 

12 
13 
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JDB 

JDB 

SURROUTINEORDER(A,N) 

THIS PROGRAM HAS BEEN TRANSLATED FOR THE 360/50 
WITH RELEASE 1-A OF THE MOD-50 TRANSDECK 

DIMENSIONAd) 
REAL'S A.DUM 
NM1=N-1 
DO20U1.NM1 
D020J=I,N 
IF(A( I)-A(J))20.20.10 

10 CONTINUE 
DUM=A(I) 
Ad)=A(J) 
A(J)=DUM 

20 CONTINUE 
RETURN 
END 
SUBROUTINE ORDERl(A.NSA.N) 

THIS PROGRAM HAS BEEN TRANSLATED FOR THE 360/50 
WITH RELEASE 1-A OF THE MOD-50 TRANSDECK 

DIMENSION A(1),NSA(1).SAV(120) 
REAL'S A.SAV 
DO 10 1=1.N 
SAV(I)=A( I) 

10 CONTINUE 
CALL ORDER(A.N) 
DO 50 1=1.N 
DO 20 J=1.N 
IF(A(I)-SAV(J))20.40,20 

20 CONTINUE 
PRINT 30 

30 FORMAT(16H1ERROR IN ORDERl) 
STOP 

40 CONTINUE 
NSA(I)=J 

50 CONTINUE 
RETURN 
END 
SUBROUTINE HISTGRAM(A,NAP,NAM,DX,NMAX ) 

THIS PROGRAM HAS BEEN TRANSLATED FOR THE 360/50 
WITH RELEASE 1-A OF THE MOD-50 TRANSDECK 

JDB 
DIMENSION NAP(1),NAM(1) 
N=ABS(A)/DX 
NsN*l 
IF(N-NMAX)10.10.40 

10 CONTINUE 
IF(A)20.30.30 

20 CONTINUE 
NAM(N)=NAM(N)*1 
GO TO 40 

30 CONTINUE 
NAP(N)=NAP(N)*1 

40 CONTINUE 
RETURN 
END 
FUNCTION HANF(J) 
RANDOM NUMBER GENERATOR OF FORM X ( I tl) =X ( I ) • ( 2"16*11) MOD 2**31 
EQUIVALENCE (X.IX) 
DATA IX/3125/ 

2 IX=IX*65547 
IF(IX)5.6.6 

2 
2 
2 
2 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 
2 
2 
2 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
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5 IX«IX*2147483647*1 
* IF (J.GE.O) GOTO 6 

IF dx.LT.8388608) GOTO 7 
TFL=IX/8 
R A N F = Y F L * . 3 7 2 5 2 9 1 E - 8 

RETURN 
7 YFL=IX 

RANFsYFL*.4656613E-9 
RETURN 

8 R A N F = X 

RETURN 
ENTRY IRANF(J) 

12 IX=IX'65547 
IF(1X115.16.16 

15 IX=IX*2147483647*1 
16 IRANFrIX 

RETURN 
ENTRY RANSET(J) 
IX = J 
HANSET=O. 
RETURN 
ENTRY RANGET(J) 
J»IX 
R A N G E T = 0 . 

RETURN 
END 
SUBHOUTINEESUB(NN.E.NOPT) 

THIS PROGRAM HAS BEEN TRANSLATED FOR THF 
WITH RELEASE 1-A OF THE MOD-50 TRANSDECK 

360/50 

JDB 
IF N0PT = 3 . E d ) CHOSEN FROM WIGNER DISTRIBUTION 

CIMENSIONt(120) 
COMMON DBAR 
REAL'S E 

SORTF(X)=bQRT(X) 
IF(NOPT-1)30.10.1 

1 IF (NOPT -3) 23,24,23 
10 CONTINUE 

T E R M = N N * 1 

TERM=TERM/2. • 
DO201=1.NN 
E(I)=I-TERM 

20 CONTINUE 
D B A R = 1 . 0 

GO TO 30 
23 CONTINUE 

READ(60.25)(E(I).1=1.NN) 
25 FORMAT(8F10,0) 

R E A D ( 6 0 . 1 * 9 9 ) D R A R 

1999 F0RMAT(E12.6) 
GO TO 30 

24 READ(60,26) DBAR,ENUT,NR 
26 F0RMAT(2Fin.4,110) 

^ti^ = E N U ? " B A R ' ' SORTP<-ALOG(RANF,-l,)).l.12837916/2. 

3, E d ' = E d - l ) ' UBAR ' SQRTF(-AL0G(RANF(-1)))*1.12837,16 

30 CONTINUE 
RETURN 
END 

4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 

16 
17 

19 

21 
22 
23 
24 
25 
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